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Abstrat
A simple extension of the Standard Model providing Majorana magneti
moments to right-handed neutrinos is presented. The model ontains, in
addition to the Standard Model partiles and right-handed neutrinos, just a
singly harged salar and a vetor-like harged fermion. The phenomenology
of the model is analysed and its impliations in osmology, astrophysis and
lepton avour violating proesses are extrated. If light enough, the harged
partiles responsible for the right-handed neutrino magneti moments ould
opiously be produed at the LHC.
Key words: Neutrinos, magneti moments, eetive Lagrangian, LHC
PACS: 14.60.St, 13.35.Hb, 13.15.+g, 13.66.Hk
1. Introdution
In ref. [1℄ we studied the most general eetive Lagrangian built with
the Standard Model (SM) elds plus right-handed neutrinos up to operators
of dimension ve. We found this Lagrangian ontains only three nonrenor-
malizable operators, one of them being the well known Weinberg operator [2℄
whih only involves the SM lepton doublets and the Higgs doublet. The other
two ontain an interation of right-handed neutrinos with the SM Higgs dou-
blet and a Majorana eletroweak moment for the right-handed neutrinos.
This last operator is partiularly interesting and an have a variety of phe-
nomenologial onsequenes in osmology, astrophysis and at olliders [1℄.
Of ourse, it is interesting to have expliit models in whih these nonrenor-
malizable interations arise naturally beause one an use them to hek
the general features of the eetive Lagrangian approah and extend them
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outside the realm of validity of the eetive eld theory. This is espeially im-
portant if the partiles responsible for the new interations are light enough
as to be produed at the next generation of olliders.
Here we present a very simple model whih gives rise to right-handed
neutrino eletroweak moments; it inludes, in addition to the SM elds and
the right-handed neutrinos, a harged salar singlet and a harged singlet
vetor-like fermion. We obtain the tree level and one-loop ontributions
to the dimension ve eetive Lagrangian, and in partiular we ompute the
ontribution to the right-handed neutrino eletroweak moments. We perform
a thorough phenomenologial analysis of the model, paying speial attention
to the ase in whih the new harged partiles are light enough to be pro-
dued at the Large Hadron Collider (LHC). Thus, in setion 2 we dene the
model and ompute the one-loop ontribution to the eletroweak moment of
right-handed neutrinos. The simplest version of the model, in whih several
ouplings are set to zero by using global symmetries, ontains stable harged
massive partiles (CHAMPs) whih are strongly disfavoured from osmolog-
ial and astrophysial onsiderations. To avoid suh problems we extend
minimally the model by allowing a soft breaking of the symmetries, whih
is enough to indue CHAMP deays; suh deays are studied in setion 2.3.
The model also indues some tree-level lepton avour violating (LFV) pro-
esses like µ → 3e whih are studied in setion 2.4. In setion 3 we disuss
briey the one-loop ontributions of the model to the eetive Higgs-νR op-
erator. In setion 4 we ompute the prodution ross setion of the harged
partiles at the LHC and disuss their observability as a funtion of their
masses. Finally, in setion 5 we present our onlusions.
2. The model
As disussed in ref. [1℄ the most general dimension ve interations among
SM elds and three right-handed neutrinos an be written as
1
L5 = νcRζσµννRBµν +
(
ℓ˜φ
)
χ
(
φ˜
†
ℓ
)
− (φ†φ) νcRξνR + h.c. (1)
1
The reader should note a dierene in notation respet to [1℄, where we used ν′ to
denote the neutrino avor eigenelds. As in the present work we are not going to disuss
the diagonalisation of the neutrino mass matries we will just use ν to represent the avor
eigenelds.
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where ℓ =
(
νL
eL
)
denotes the left-handed lepton isodoublet, eR and νR the or-
responding right-handed isosinglets, and φ the salar isodoublet (family and
gauge indies will be suppressed when no onfusion an arise). The harge-
onjugate elds are dened as ecR = Ce¯
T
R, ν
c
R = Cν¯
T
R and ℓ˜ = ǫCℓ¯
T , φ˜ = ǫφ∗
where ǫ = iσ2 ats on the SU(2) indies. The hyperharges assignments are
φ : 1/2, ℓ : −1/2, eR : −1, νR : 0. The SU(2) and U(1) gauge elds are
denoted by W and B respetively (gluon and quarks elds will not be needed
in the situations onsidered below). The ouplings χ, ξ, ζ have dimension
of inverse mass, whih is assoiated with the sale of the heavy physis re-
sponsible for the orresponding operator. χ, and ξ are omplex symmetri
3 × 3 matries in avour spae, while ζ is a omplex antisymmetri matrix
proportional to the right-handed neutrino eletroweak moments.
The dierent terms in eq. (1) and their phenomenologial onsequenes
were disussed in [1℄. Here we are more interested in models that ould
give rise to ζ . This an only our at the one-loop level and the models
should neessarily involve either a salar-fermion pair with opposite (non-
zero) hyperharges and having Yukawa ouplings with both νR and ν
c
R, or a
vetor-fermion pair with the same properties. Here we will onsider only the
rst (simpler) possibility. Thus we enlarge the SM by adding a negatively
harged salar singlet ω, Y (ω) = −1, and one negatively harged vetor-like
fermion E (two hiralities and no generation indies) also with Y (E) = −1.
We an then write the Lagrangian as
L = LSM + LNP , (2)
where LSM is the SM Lagrangian while the new physis Lagrangian, LNP,
ollets all the terms ontaining any of the new partiles, inluding among
them the right-handed neutrinos. We write LSM as
LSM = iℓ 6D ℓ+ ieR 6D eR + (ℓYeeR φ+ h.c.) + · · · (3)
with Ye the Yukawa ouplings of harged leptons whih are ompletely general
3 × 3 matries in avour spae; the dots represent SM gauge boson, Higgs
boson and quark kineti terms, quark Yukawa interations and the SM Higgs
potential. We divide the new physis ontribution, LNP , in dierent terms:
LNP = LK + LY − VNP + LExtra (4)
LK desribes the kineti terms of the new partiles
3
LK = Dµω†Dµω + iE 6DE −mEE¯E + iν¯R∂/νR −
(
1
2
νcRMRνR + h.c.
)
(5)
withMR the Majorana mass term of right-handed neutrinos, whih is a om-
plex symmetri matrix in avour spae. LY ontains the standard Yukawa
interations of right-handed neutrinos and the Yukawa ouplings of right-
handed neutrinos with the partiles needed to generate the eletroweak mo-
ments:
LY = ℓYννR φ˜+ νcRh′E ω+ + νRhE ω+ + h.c. (6)
Yν is a general 3× 3 omplex matrix and, if there is just one E, h and h′ are
vetors in generation spae. The ω ontributions to the salar potential are
VNP = m
′2
ω |ω|2 + λω|ω|4 + 2λωφ|ω|2φ†φ , m2ω = m′2ω + λωφv2 (7)
Where v is the vauum expetation value of the Higgs doublet, 〈φ†φ〉 = v2/2,
and the λ's are quarti salar ouplings. We assume λ, λω > 0 and λλω > λ
2
ωφ
to insure global (tree-level) stability, as well as m2ω > 0 in order to preserve
U(1)em. It is important to remark that with only one Higgs doublet there
annot be trilinear ouplings between the doublet and the singlet, ω. Then,
the potential has two independent U(1) symmetries, one for the singlet and
one for the doublet.
In addition, the SM symmetries allow the following Yukawa ouplings and
mass terms
LExtra = E¯LκeR + ℓYEER φ+ ℓ˜fℓω+ + e¯Rf ′νcRω + h.c. (8)
whih an be set to zero by imposing a disrete symmetry whih aets only
the new partiles
E → −E , ω → −ω (9)
In this ase all low-energy physis eets will be loop generated[3℄. Notie
that the resulting Lagrangian has a larger ontinuous symmetry
E → eiαE , ω → eiαω (10)
whih is not anomalous, therefore there is a harge, arried only by E and
ω whih is exatly onserved. In that ase, the lightest of the E or ω will
4
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Figure 1: Contributing diagrams to the right-handed neutrino eletroweak moment.
be ompletely stable beoming a CHAMP, whih ould reate serious prob-
lems in standard osmology senarios. However, suh problems an easily
be evaded by allowing some of the terms in eq. (8). We will return to this
issue after verifying that the model indeed generates a right-handed neutrino
magneti moment.
2.1. The νR magneti moment
In the model onsidered we have two diagrams, depited in gure 1, on-
tributing to the νR Majorana eletroweak moment: a) loop with the B gauge
boson attahed to the E and b) loop with the B gauge boson attahed to
the salar ω.
For MR ≪ mE , mω we an neglet all external momenta and masses and
the alulation of the diagrams simplies onsiderably. The nal result an
be ast as a ontribution to the eetive magneti moment operator in eq. (1).
We nd
ζij =
g′f(r)
(4π)24mE
(
h′ih
∗
j − h′jh∗i
)
(11)
with r = (mω/mE)
2
, g′ the Bµ gauge oupling and
f(r) =
1
1− r +
r
(1− r)2 log(r)→


1 , r ≪ 1
1/2 , r = 1
(log(r)− 1)/r , r ≫ 1
(12)
For an estimate we an take, for instane, mω = mE , and
(
h′ih
∗
j − h′jh∗i
)
=
0.5 while g′ =
√
α4π/cW ≈ 0.35, then ζ ≈ 10−4/mE (for mE ≫ mω there
5
will be a fator 2 enhanement and for mE ≪ mω there will be a suppression
by roughly a fator (mE/mω)
2
); these values are in agreement with the esti-
mates obtained using eetive eld theory. In terms of ΛNP ≡ 1/ζ we have
ΛNP = 10
4mE . Present bounds from LEP and Tevatron give mE & 100GeV,
whih imply ΛNP & 10
6GeV. This an be ompared with diret bounds that
an be set on the right-handed neutrino eletroweak moments derived in [1℄ .
As expeted, ollider limits on E prodution are muh more restritive than
ollider limits derived from the indued eletroweak moment interation. Af-
ter all, the eletroweak moment interation is generated at one loop. How-
ever, if the right-handed neutrinos are relatively light (below 10MeV) bounds
from transition magneti moments oming from supernova ooling (whih are
ΛNP & 4× 106GeV) or red giant ooling (whih are ΛNP & 4× 109GeV for
mN . 10 keV) an be muh stronger.
2.2. E or ω as CHAMPs
The model as desribed so far ontains only the ouplings neessary to
generate the right-handed neutrino Majorana eletroweak moments. But it
is lear that the trilinear verties ν¯REω
†
and ν¯cREω
†
alone annot indue
deays for both the E and the ω. The lightest of the two will remain stable
and ould then aumulate in the galaxy lusters, appearing as eletrially
harged dark matter. The idea that dark matter ould be omposed mostly of
harged massive partiles was proposed in [4, 5℄ and it is strongly onstrained
from very dierent arguments[6, 7, 8, 9, 10℄. One might still onsider the
possibility of having massive stable E or ω partiles within the reah of
the LHC, but with a osmi abundane lower than the one required for
dark matter. Unfortunately, suh senario seems also to be exluded: if
one assumes, as in [4℄, that the E's and ω's were produed in the early
universe through the standard freeze-out mehanism [11℄, the bounds from
interstellar alorimetry [10℄ and terrestrial searhes for super-heavy nulei
[7, 8℄ ompletely lose the window of under-TeV CHAMP abundanes.
There is, however, a way to esape all these bounds. A reent paper
[12℄ notes that CHAMPs, if very massive or arrying very small harges,
are expelled from the galati disk by the magneti elds. That situation
prevents any terrestrial or galati detetion and leaves room for CHAMPs
to exist. The bound speially states that partiles with 100(Q/e)2 TeV .
m . 108(Q/e) TeV are depleted from the disk, and in fat our model (if we
forbid the terms in eq. (8)) does not x the hyperharge of E and ω, so they
an be milliharged. Unfortunately, this situation is not interesting for our
6
purposes, for this kind of CHAMPs would give rise to very small neutrino
magneti moments and wouldn't show up in the future aelerators, either
due to their heavy masses or to their small ouplings.
In onlusion, we need an additional mehanism for E or ω deays. The
easiest way to aomplish this is by allowing one or more of the ouplings in
eq. (8), whih an be taken small, if needed, by arguing that (10) is an al-
most exat symmetry. We disuss one of the possibilities in setion 2.3. The
senario of deaying CHAMPs has, on its own, a number of advantages and
drawbaks. Some reent papers [13, 14℄ have pointed out that the presene
of a massive, harged and olourless partile during the proess of primordial
nuleosynthesis might lead to an explanation for the osmi lithium prob-
lem. Also, the deay of massive partiles during nuleosynthesis ould have
a dramati inuene in the nal abundanes of primordial elements, whih
provides us with bounds on the lifetime and abundane of CHAMPs that
ould be useful.
2.3. Allowing for CHAMP deays
If the partiles have to deay the global symmetry (10) has to be broken,
and for that it is enough to allow some of the terms in eq. (8). For the sake
of simpliity, we will onsider only the ase where the symmetry is softly
broken by ELeR mixing
2
Lκ = E¯LκeR + h.c. (13)
This term will indue deays of E into SM partiles muh like the heavy
neutrino deays in seesaw models, sine only this mixing links the E to the SM
degrees of freedom. After diagonalisation of the harged lepton mass matrix
one obtains interations that onnet the E to W + ν, Z + ℓ± and H + ℓ±.
As the urrent bound on heavy harged leptons require that mE > 100GeV,
the W and Z will be produed on-shell; the Higgs hannel may or may not
be open depending on the atual value of the Higgs and E masses3.
The ω, on the other hand, has to deay through the Yukawa E¯νRω ver-
ties; either diretly to E + νR if mω > mE or to e + νR suppressed by the
2
Sine this hoie breaks (10) softly, none of the other terms in eq. (8) need be intro-
dued for the model to remain renormalizable.
3
Note that, as U(1)em is not broken, avour-hanging verties involving a photon annot
appear at tree level; Γ(E → eγ) must be at least a one-loop eet, and thereby suppressed.
7
mixing κ. The simplest situation then arises if mω > mE , for in that ase
the ω's will deay into on-shell E's, whih in turn will deay in the afore-
mentioned way. In what remains, for simpliity, we shall restrit ourselves to
this spei ase.
In gure 2 we present the branhing ratios for the deays of the E. As the
deays are ontrolled by the would-be Goldstone part of the W and Z (and
the Higgs boson if allowed kinematially) they are always proportional to the
Yukawa ouplings of the harged leptons; therefore, if all the κ's are of the
same order, the E will deay mainly to the leptons of the third family. We an
see that for relatively low masses the dominant hannel is E → Wντ while for
very large masses the ratios tend to the equivalent-Goldstone approximation:
0.5 for the W hannel and 0.25 for the Z and H hannels.
W ΝΤ
Z Τ
H Τ
100 200 300 400 500
0.0
0.2
0.4
0.6
0.8
mE HGeVL
B
R
HE

X
L
Figure 2: Dominant deay branhing ratios of the vetor-like fermion E. The deays
are suppressed by the mass of the harged leptons, thus we have only represented deays
into the third family. The Higgs boson mass has been taken to the present best t,
mH = 129GeV.
The deay rates of the E fermion are presented in gure 3 for κτ = 1GeV.
Notie that the rates derease for large mE . This is beause the deays
proeed through the mixing Eτ and this is suppressed by fators mτ/mE ;
thus the inrease in phase spae for largemE is ompensated by these fators.
For the hosen value of κτ the deay widths are of the order of the eV. For
widths of this order of magnitude the E's will not be present at the time
8
of primordial nuleosynthesis and will not aet it. Note, however, that the
deay rates depend on κ2τ , and κτ is relatively free, thus the deay rates
an vary in several orders of magnitude depending on the value of κτ . For
κτ < 10
−7GeV the CHAMPs will aet nuleosynthesis and, as ommented
above, might help to solve the osmi lithium problem [13, 14℄. We also
require κτ > 10
−16GeV to avoid CHAMPs at the present epoh.
W ΝΤZ Τ
H Τ
100 200 300 400 500
0
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2
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mE HGeVL
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HE

X
L
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V
L
Figure 3: Dominant deay rates of the vetor-like fermion E with the same assumptions
made in gure 2. For these estimates we have taken κτ = 1GeV.
2.4. Lepton Flavour Violating proesses
For general κ's and Yukawa ouplings Ye, family lepton avour is not
onserved; one might then worry about possible bounds set by proesses like
µ→ 3e, µ→ eγ or τ → 3µ. We now determine whether the bounds on those
rare proesses an impose restritions on the parameters of our model.
The easiest way to alulate the amplitudes for these proesses is by using
an eetive Lagrangian obtained by integration of the E eld. This integra-
tion is performed by using the equations of motion for E and expanding in
powers of 1/mE (for a detailed example of the integration of a singly harged
salar see [15℄). One then obtains
LLFV = − 1
m4E
eRκκ
†i 6D 3eR + · · · (14)
9
whih, after the use of the equations of motion and spontaneous symmetry
breaking leads to a lepton avour violating interation of the Z gauge boson
with left-handed harged leptons,
LLFV = e
2sW cW
ZµeLCLFVγ
µeL , CLFV ≈ v
2
2m4E
Yeκκ
†Y †e . (15)
CLFV is a matrix in avor spae whih is not, in general, diagonal; therefore,
eq. (15) will indue proesses suh as µ → 3e and τ → 3µ. Without loss of
generality we an take Ye diagonal with elements proportional to the harged
lepton masses; then we an estimate the branhing ratio for the µ → 3e
proess as
BR(µ→ 3e) = Γ(µ→ 3e)
Γ(µ→ eνν¯) ≈
∣∣∣me (κκ†)eµmµ
∣∣∣2
m8E
(16)
Our eetive Lagrangian is an expansion in powers of 1/mE whih ould be
ompensated, in part, by κκ† fators in the numerator; thus, for onsisteny,
we should require κ < mE whih allows us to establish an upper bound
for the branhing ratio. Realling also that the present limit on the mass
of harged heavy leptons is around 100GeV, and therefore we should have
mE > 100GeV, we obtain
BR(µ→ 3e) <
(
mµme
(100GeV)2
)2
< 10−16 (17)
to be ompared with present bounds
4
whih are of the order of 10−12. If
we apply the same reasoning to τ → 3µ we see that the branhing ratio is
enhaned by a (mτ/me)
2
fator
R(τ → 3µ) ≡ Γ(τ → 3µ)
Γ(τ → µνν¯) <
(
mτmµ
(100GeV)2
)2
< 10−10 (18)
whih is still under the present sensitivity for this ratio, whih is about 10−7.
Another very restritive proess is µ→ eγ, whih is bounded at the 10−11
level, BR(µ → eγ) < 1.2 × 10−11. This limit will be improved in a lose
future by the MEG experiment by two orders of magnitude [17℄. However,
4
All experimental limits are taken from[16℄.
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this proess an only arise at one loop and it is suppressed by loop fators;
therefore, we do not expet stringent bounds from it. The ontributions to
the oblique parameters are suppressed by powers of the fermions masses and
are too small to be observed at the urrently available preision.
Finally, µe onversion in nulei also provides strong limits in general; for
instane, µe onversion on Ti gives σ(µ−Ti→ e−Ti)/σ(µ−Ti→ capture) <
4.3×10−12. In our model, the proess is indued by exatly the same intera-
tion (15) that gives µ→ 3e, and we again do not expet, at present, a strong
bound from µe onversion. However, given the future plans to improve the
limits by several orders of magnitude, then perhaps µe onversion will pro-
vide the best bound for LFV proesses in this model. In any ase, urrent
data on LFV proesses annot onstrain this mehanism for E deays.
3. The νR mass and the eetive Higgs boson interation with νR
The model we have disussed ontains several soures of lepton number
non-onservation: the right-handed neutrino Majorana mass and the h and
h′ ouplings (if both of them are dierent from zero). Then it is interesting to
ask what is the natural size of the right-handed neutrino Majorana masses,
sine, even if they are set to zero by hand, radiative orretions involving
ouplings that do not onserve lepton number will generate them. In fat, by
removing the photon line in the diagrams that give rise to the eletroweak
moments, gure 1, one obtains a renormalization of the right-handed neu-
trino Majorana mass. The diagrams are logarithmially divergent and give
orretions of the type
δMR ∼ h
′h
(4π)2
mE (19)
(if the salar ω is muh heavier than the E, this ontribution will have an ex-
tra suppression (mE/mω)
2
). It is then natural to requireMR & h
′hmE/(4π)
2
.
Of ourse these type of ontributions an be renormalized into MR whih,
after all, is a free parameter of the theory.
In addition, similar diagrams with a vertex (φ†φ)|ω|2 attahed to the ω
eld (see gure 4) give a nite ontribution to the
(
φ†φ
)
νcRξνR operator that
annot be avoided. A simple alulation gives
ξij =
λωφfφ(r)
(4π)24mE
(
h′ih
∗
j + h
′
jh
∗
i
)
(20)
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νR ν
c
R
E−
ω− ω−
φφ
Figure 4: Diagram ontributing to the
(
φ†φ
)
νc
R
ξνR operator.
where fφ(r) an be written in terms of f(r), dened in eq. (12): fφ(r) =
4f(1/r)/r. After spontaneous symmetry breaking this operator gives addi-
tional ontributions to the right-handed Majorana neutrino mass
δMR ∼ λωφh
′hv2
(4π)24mE
(21)
Therefore, at least, one should require
MR >
λωφh
′hv2
(4π)24mE
∼ λωφh
′h
(4π)2
100GeV ∼ 1MeV (22)
where we took h′ = h = λωφ = 0.1. By taking smaller ouplings, smaller
right-handed neutrino masses would be natural (for instane for h′ = h =
λωφ = 0.01 one obtains MR > 1 keV).
4. The Model at olliders
In spite of the fat that the new partiles are SU(2) singlets and only
have Yukawa ouplings to right-handed neutrinos, they are harged and an
be opiously produed at the LHC, if light enough (< 1TeV), through the
Drell-Yan proess.
The ross setions for proton-proton ollisions an be omputed in terms
of the partoni ross setions using the parton distribution funtions of the
proton (for a very lear review see for instane [18℄); in gure 5 we present
the results
5
for the prodution total ross setions at the LHC (
√
s = 14TeV)
5
We have used the CTEQ6M parton distribution sets [19℄. One ould also inlude next-
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Figure 5: Prodution ross setions of the harged partiles at the LHC (
√
s = 14TeV) as
a funtion of their masses. m represents either mE or mω depending on the proess and
X represents that other hadroni or leptoni produts are expeted in a proton-proton
ollision.
as a funtion of the E and ω masses, mE and mω (both represented by m in
the gure). Sine the partiles are produed by γ and Z exhange, there are
no unknown free parameters exept the masses of the partiles. We see that
ross setions from 1fb to 1 pb are easily obtained for the prodution of E for
masses between 700GeV and 100GeV. For the same masses the prodution
ross setion for ω is roughly one order of magnitude smaller.
One produed in pairs, the partiles have to be deteted and identi-
ed. The harateristi signatures for this identiation are very dierent
depending on the lifetimes of the partiles, mostly beause if the E and ω
are long-lived they an be traked diretly in the detetors or, at least, be
identied through a displaed deay vertex. The parameter relevant for this
behavior is κ, the E − e mixing.
For κ . 1MeV, the E's will have deay lengths roughly over 1 entime-
to-leading-order orretions by multiplying by a K-fator whih typially would hange
ross setions by 10−20%. Results have been heked against the CompHEP program [20,
21℄.
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ter
6
, in fat, for κ < 0.2MeV, they will go through the detetor and behave
as a heavy ionizing partile. A lot of work has been arried to analyse the
signatures of CHAMPs inside the detetor (see, for example, [22℄, and [23℄
for a reent improvement), and also displaed verties have been disussed
(see, for example, [24, 25℄). If κ > 1MeV the E's will deay near the ollision
point and behave as a fourth generation harged lepton.
Disovering the ω's an be muh harder, beause they will be produed at
a signiantly lower rate and the signatures of their deays depend strongly
on the details of the model. In the mω > mE senario, they will deay quikly
into an E and a heavy neutrino (at least if we want h and h′ large enough to
have signiant eletroweak moments) and then one has to rely again on the
detetion of E's unless the heavy neutrino provides a leaner signal, whih
is unlikely. In any ase, we think that the E's, produed in a muh greater
number, should be onsidered the signature of this model, and perhaps the
doorway to understand the ω and heavy neutrino deays.
5. Conlusions
We have presented a simple model that generates right-handed neutrino
magneti moments and studied its phenomenology. The simplest version of
the model ontains CHAMPs (harged massive stable partiles) whih ould
present some problems with standard osmologial senarios. These problems
an easily be evaded by allowing additional ouplings in the Lagrangian.
The model an then give rise to various LFV proesses at tree level suh
as µ → 3e; however, we have veried that the rates of these proesses are
strongly suppressed and are well below present and near-future experimental
onstraints.
The same interations that generate the right-handed neutrino magneti
moments will also generate, at one loop, the last operator in eq. (1) whih
provides a lepton number non-onserving interation between neutrinos and
the SM Higgs boson. This interation gives an additional ontribution to the
right-handed neutrino Majorana mass; it is also interesting beause ould
lead to an invisible Higgs deay [1℄. We have omputed it and disussed
some of its onsequenes.
6
Note that there's room in the parameter spae for this kind of eets even if one
requires that CHAMPs do not aet the primordial nuleosynthesis, for if κ > 100 eV all
the E's will have deayed before nuleosynthesis.
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Finally, sine the partiles responsible for the right-handed neutrino mag-
neti moment are harged, if light enough they an opiously be produed
at the LHC through the Drell-Yan proess. We found that the ross setions
for Drell-Yan prodution of E's range from 1 fb to 1 pb for masses between
700GeVand 100GeV. For the same range of masses the prodution ross
setion for ω is roughly one order of magnitude smaller.
In short, we showed that a very simple model giving rise to right-handed
neutrino magneti models ompatible with all existing onstraints an easily
be onstruted. If the right-handed neutrinos are relatively heavy (& 10MeV)
bounds on νR magneti moments from red giants or supernovae do not ap-
ply [1℄ and the harged partiles responsible for the magneti moments ould
be light enough as to be produed and deteted at the LHC.
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